Background: Most of previous studies aimed to estimate the effect of nurse staffing on quality of acute hospital care have used stochastic methods and their results are mixed. Objective: To measure the magnitude of effect of nurse-staffing level on increasing quality of acute care services in long-run. Data: The number of practicing nurses' density per 1000 population as the proxy of nurse-staffing level and three Health Care Quality Indicators (HCQI) included 30-day mortality per 100 patients based on acute myocardial infarction (MORTAMIO), hemorrhagic stroke (MORTHSTO) and ischemic stroke (MORTISTO) were collected as a part of ongoing project by OECD.org in panels of 26 OECD countries over 2005e2015 period. Method: Panel data analysis. Results: There were committed relationships from nurse-staffing level to the enhancement of HCQI i.e. 1% increase in nurse-staffing level would reduce the rates of patient mortality based on MORTAMIO, MORTHSTO and MORTISTO by 0.65%, 0.60% and 0.80%, respectively. Furthermore, the role of nursestaffing level in increasing overall HCQI were simulated at the highest level in Sweden (À3.53), Denmark (À3.31), Canada (À2.59), Netherlands (À2.33), Finland (À2.09), Switzerland (À1.72), Australia (À1.64) and United States (À1.53). Conclusion: A higher proportion of nurses-staffing level is associated with higher quality of acute care services in OECD countries. Also, the nursing characteristics of Sweden, Denmark, Canada, Netherlands, Finland, Switzerland, Australia and United States would be good patterns for other countries to maximize nursing outcomes in the care of patients with acute and life-threatening conditions by reducing the risk of complication, mortality and adverse clinical outcomes.
Introduction
By the enhancement in quality of health care services for patients with acute and life-threatening conditions, e.g. acute cardiovascular and myocardial infarction conditions, resulting from advances in rapid patient transfer and hospitalization, improved life support services, advanced medical/surgical treatments and techniques, applying modern health care technologies, optimization of staff characteristics in hospital, intensification in health education level and clinical skills, promoting leadership and health management, moderated legislations and clinical instructions, there has been an obvious improvement in the prognosis of patients with severe and life-threatening conditions associated with lower risk of patient's death and disability during the last two decades e see OECD [1] .
As the quality of acute hospital care remains central to the performance of health care systems [1] , increasing the quality of acute care would restrain the growth of health care spending by dropping extra clinical procedures and this leads policy makers to allocate limited health care resources more wisely [2] . Hence, to surpass the quality of acute care and to reduce unnecessary health care expenditures, it is important for policy makers, care providers, health care professionals as well as researchers to seek for more efficient services with the aim of providing the needed acute care facilities, while looking for new methods to benchmark the quality of acute care services as a key element of health policy reformations.
Among the acute care team workers in hospital, nurse staffs play a critical role in care delivery to patients with acute conditions, i.e. controlling the acute decompensation situation, nurses' assessment and facilitating clinical diagnosis, clinical interventions, educating patients and caregivers, making the patients ready for hospital discharging, preventing of future decompensations and rehospitalization, rehabilitation, etc. Hence, it is important to measure the magnitude of the role of nurse-staffing level in increasing the quality of acute hospital care with the aim of optimizing patient care and health outcomes.
To our knowledge, numerous empirical studies have endeavored to simulate the plausible effect of nursing characteristics 1 on increasing the quality of acute care services, mostly measured by substantial risk of complication and adverse clinical outcomes 2 along with in-hospital patient mortality rates, and their results have been quite mixed. Empirical studies have argued the significant effects of nursestaffing level on the reduction of patient mortality and other adverse outcomes are included, but not limited to; Flood et al. [3] , Hartz et al. [4] , Krakauer et al. [5] , Manheim et al. [6] , Iezzoni et al. [7] , Silber et al. [8] , Fridkin et al. [9] , Archibald et al. [10] , Blegen et al. [11] , Kovner and Gergen [12] , Lichtig et al. [13] , Pronovost et al. [14] , Robert et al. [15] , Needleman et al. [16] [46] and Kim and Bae [47] . 3 By contrast, results of the following studies have denied the existence of meaningful correlation between increasing in nursestaffing level and in-hospital care outcomes; Wan and Shukla [48] , Al-Haider and Wan [49] , Bradbury et al. [50] , Zimmerman et al. [51] , Taunton et al. [52] , Silber et al. [53] , Iezzoni et al. [54] , Iezzoni et al. [55] , Silber and Rosenbaum [56] , Numata et al. [57] , Van den Heede et al. [58] , West et al. [59] , Talsma et al. [60] and Schreuders et al. [61] .
Overall, most of previous studies have collected small samples of hospitalized patients with life-threatening conditions, 4 generally focused on stationary data analysis approaches 5 and dramatically have failed to include the alteration of these methods to consider the plausible effects of time variation on their results. Across the traditional empirical studies in nursing science which typically rely on small samples of clinical observation, the following research article aims to investigate the magnitude of the plausible effect of the level of staffing by nurses in hospitals on increasing the quality of acute care services using the widest range of administrative cross-national statistics collected as a part of ongoing project by OECD.org 6 in panels of 26 OECD countries during the period of 2005e2015. Panel data analysis is conducted to simulate the statistically significant magnitudes of the role of nurse-staffing level on the enhancement of Health Care Quality Indicators (HCQI) with considering the plausible effect of time variation on our series.
Data description and analysis
In this study, the preference was given to "practicing nurses" which also considered as a key factor of health performances in European Core Health Indicators (ECHI). As nurse-staffing level can be measured by the number of nurses per patient or population, here the number of practicing professional nurses' density per 1000 inhabitants, head counts (NURSE) e included 7 ; general care nurses, specialist nurses, clinical nurses, district nurses, nurse anesthetists, nurse educators, nurse practitioners and public health nurses e were used as the index of nurse staffing. The nurse staffing data was collected from OECD Health Statistics [62] Based on data availability, three main HCQI were selected from OECD Health Statistics [65] as the proxies for quality of acute care services which covered 45 years old and over admitted patients and verifies age-sex standardized rate per 100 patients included: thirtyday in-hospital and out-of-hospital mortality rates in patient based 
Panel data analysis
According to the available data in 26 OECD countries during 2005e2015 period, we have the opportunity to investigate the magnitude of plausible relationship from nurse-staffing level to HCQI in cross-national framework using the technique of panel data analysis. To do this, it is necessary to find the needed information about the statistical behaviors of our series during the time in the context of unit root test, followed by the possibility of long- 1 Based on nurse's workload hours per patient, number of nurses per patient as well as the number of nurses per population. 2 For instance, ICU length of stay, failure-to-rescue (FTR), bloodstream infections, gastrointestinal tract bleeding, cardiac arrest etc. 3 The summary of previous studies argued the existence of sincere relationship from nursing characteristics relative ratios to various patient outcomes in acute care is available in Appendix. 4 Controlled to several acute care (quality) indicators such as the inceptive patient risk factors, adverse outcomes and in-hospital patient mortality ratios. 5 Multilevel and longitudinal regression analysis, case-control models and other types of cross-sectional data analysis. 6 The project aims to measure and monitor the quality of acute care services in national expert panels for evaluation and recommendation related to the care of patients with acute conditions. 7 The nursing variable was excluded from the number of midwives (unless they work most of the time as nurses), paramedical practitioners, university lecturers, vocational education teachers, associate professional nurses, associate professional midwives, nursing aides and medical assistants e see OECD Health Statistics [62] . 8 Included: Australia, Austria, Belgium, Canada, Czech Republic, Denmark, run relationship between variables in cointegration analysis as well as simulating the significant magnitudes of the effect of nursing characteristics on increasing the quality of acute care services in OECD countries.
Unit root test
Unit root or integration tests are the necessary steps in panel data analysis to consider the effect of time on our series and to find the information about how variables behave during the sample period. Statistically, panel unit root tests examine whether a pooled variable is stationary (with constant mean and variance during the time variation) or non-stationary (mean and variance vary during the time) and possesses a unit root. The stationary null hypothesis is defined as the presence of a unit root or stationarity according to intercept and trend stationarity based on the test models. The results of four different panel unit root tests are presented in Table 1 .
In general, unit root results confirm that all our series were nonstationary, and integration of series was sensitive to trend presentation. According to significant statistics of 1st difference of unit root tests presented in Table 1 , it is arguable that all series were integrated in order one I(1) means that the amounts of our series were correlated with their last year digits and this open the way to cointegration analysis.
Cointegration analysis
The next step is to find whether nurse-staffing level and acute care indicators were cointegrated in long-run or not. The results of Pedroni (Engle-Granger based) co-integration test are reported in To have a more precise conclusion about cointegration relationship between our variables individually in each country, we estimate cointegration in pooled data using Johansen-Fisher test. The results of pooled cointegration test in cross units are presented in Table 3 and confirm that there existed a long-run relationship between NURSE and MORTAMIO in about 85% of OECD countries, included Australia, Austria, Canada, Denmark, Finland, France, Germany, Iceland, Israel, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Slovak Republic, Spain, Sweden, Switzerland, United Kingdom and United States, while there was no meaningful relationship in Belgium, Czech Republic, Ireland and South Korea. Likewise, NURSE and MORTHSTO were cointegrated in Belgium, Czech Republic, Denmark, Finland, France, Iceland, Ireland, Israel, Italy, Japan, South Korea, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Slovak Republic, Spain, Sweden, Switzerland, United Kingdom and United States (85% of OECD countries). There was no cointegration relationship between NURSE and MORTHSTO in Australia, Austria, Canada and Germany.
Moreover, a cointegration relationship was found between NURSE and MORTISTO in the following countries (85% of total OECD countries); Australia, Canada, Czech Republic, Denmark, Finland, France, Iceland, Ireland, Israel, Italy, Japan, Luxembourg, Netherlands, New Zealand, Norway, Portugal, Slovak Republic, Spain, Sweden, Switzerland, United Kingdom and United States, whereas there was no committed relationship in Austria, Belgium, Germany and South Korea.
Dynamic long-run analysis
Based on the results of Pedroni panel cointegration test in the last step, there existed long-run relationships between nursestaffing level and HCQI in OECD countries. In here, the magnitudes of effect of NURSE on MORTAMIO, MORTHSTO and MOR-TISTO are simulated using dynamic long-run analysis in panel and pooled models based on the assumption that both NURSE and HCQI No integration. * P < 0.05 and ** P < 0.01. The optimum lag lengths were selected based on SIC from 0 to 3 to ensure that the residuals were white noise. Newey-West automatic criterion was selected for calculating bandwidth and Bartlett window was used for estimating kernel in the test value calculations. Probabilities for Fisher-PP tests were computed using an asymptotic Chi-square distribution and an asymptotic normal distribution was assumed for other tests. Levin, Lin and Chu test assumes common AR(1) coefficient with trend and other tests allow for individual AR(1) coefficients and trend presentations in the test models. were significantly cointegrated e see Table 2 . Results of dynamic long-run panel model verify that the long-run elasticity of practicing nurses level on MORTAMIO, MORTHSTO and MORTISTO were À0.6466, À0.6039 and À0.7993 in OECD countries, respectively. Thus, with 1% increase in the number of practicing nurses per 1000 inhabitant, the number of thirty-day mortality after hospitalization per 100 patients for AMI-based, hemorrhagic strokebased and ischemic stroke-based would decrease by 0.65%, 0.60% and 0.80%, respectively. Results of dynamic long-run panel model are available in Table 4 . According to the results of Fisher (combined Johansen) panel cointegration test for individual cross sections, there existed longrun relationships between nurse-staffing level and quality of acute care indexes in slightly more than 85% of individual OECD countries. Here, dynamic long-run model analysis based on pooled data framework is applied to find the magnitude of the effect of NURSE on MORTAMIO, MORTHSTO and MORTISTO in every individual country where there was a significant cointegration relationship between our variables resulting from Fisher paned cointegration test. Results of dynamic long-run model based on pooled EGLS with cross-sectional weights in 26 OECD countries over the period of 2005e2015 can be found in Table 5 and Fig. 5 .
As can be seen, the highest magnitude of effect of nursing characteristics on relative AMI patient mortality reduction in the following 30 days after hospitalization (NURSE/MORTAMIO) was found in Austria with À4.27 e means that 1% increase in the Notes: Null hypothesis: No co-integration. * P < 0.10, ** P < 0.05 and *** P < 0.01. 1# means the probability of hypothesis no cointegration test in panel with intercept and trend in CE, linear trend in VAR. 2# means the probability of hypothesis no cointegration test in panel with intercept and trend in CE, no trend in VAR. The lags interval in first differences were 2. Probabilities were calculated based on MacKinnon-Haug-Michelis [66] P-values. Notes: The optimum lag lengths were selected using SIC.
number of nurses per 1000 inhabitant would reduce AMI-based mortality about 4.27% per 100 patients e, followed by Denmark with À3.8, Finland with À3.80 and Netherlands with À3.56. At the other end of the range, by far the lowest ratios of practicing nurses to MORTAMIO reduction were found in Italy (À0.46), United Kingdom (À0.37), Israel and Luxembourg (both À0.00), as well as Belgium, Czech Republic, Ireland and South Korea with nonsignificant cointegration relationship in long-run. For the rest of OECD countries, the range of NURSE/MORTAMIO coefficients was between À2.93 in Switzerland and À0.53 in France.
Among the OECD countries for which data are available, the highest magnitude of the role of practicing nurses on reducing the Note: Dynamic long-run models for pooled variables were selected based on the long-run models used in Table 4 and SIC. All in all, according to the results of dynamic long-run model based on pooled data analysis for each country, the role of nurse staffing in improvement of HCQI were simulated at the highest level in Sweden, Denmark, Canada, Netherlands, Finland, Switzerland, Australia and United States, compared to other OECD countries. As can be seen in Fig. 5 , the effect of nurse staffing per 1000 inhabitants varied in different health care systems of OECD countries and followed by this country group which took the best records, Austria, Norway, Japan, Luxembourg, Germany, New Zealand, Spain, France, Portugal and Iceland were at the middle level of improvement in acute care services associated with nursing characteristics in OECD countries. By contrast, Slovak Republic, Israel, Italy, Ireland, Belgium, United Kingdom, South Korea and Czech Republic generally had the lowest level of enhancement in HCQI by practicing nurses.
Conclusion
There has been much interest in perceiving the magnitude of effect of nurse-staffing level on the quality of acute hospital care services, as the major accomplishments of health care systems, to surpass the level of care delivery and to reduce unnecessary health care expenditures. To our knowledge, most of studies aimed to analyze this relationship used stochastic methods and their results are mixed. This article undertook a new attempt to simulate the role of nurse-staffing level in quality of acute care service using the widest possible range of available data as a part of ongoing project by OECD.org.
The number of practicing professional nurses' density per 1000 population as the proxy of nurse-staffing level together with 30-day in-hospital and out-of-hospital mortality per 100 patients based on AMI together with hemorrhagic and ischemic strokes as the indicators of quality of acute care were used in panels of 26 OECD countries over the period of 2005e2015. To present empirical evidence on the relationship between these variables with considering the plausible effects of time variation, statistical technique of panel data analysis was applied to inspect the existence of relationships between nurse-staffing level and HCQI along with estimating the magnitudes of these relationships in long-run.
Results of panel data analysis supported that there were committed relationships from the level of practicing nurses to the enhancement of HCQI in long-run. Moreover, results of dynamic long-run panel models verified that 1% increase in the number of practicing nurses per 1000 inhabitant reduced the number of thirty-day mortality after hospitalization per 100 patients for AMIbased, hemorrhagic stroke-based and ischemic stroke-based by 0.65%, 0.60% and 0.80%, respectively. In individual OECD countries, result of Johansen-Fisher pooled cointegration test confirmed the existence of cointegration for the majority of OECD countries and the highest magnitudes of the effect of nurse staffing on reduction of: MORTAMIO were found in Austria (À4.27), Denmark (À3.8), Finland (À3.80) and Netherlands (À3.56), MORTHSTO were perceived in Sweden (À3.30), Japan (À2.41), Switzerland (À1.95) and United States (À1.69), MORTISTO were estimated in Sweden (À8.68), Canada (À5.11), Denmark (À4.70) and Luxembourg (À3.40). Overall, according to the results of dynamic long-run pooled models, the role of nurse staffing in improvement of total HCQI were simulated at the highest level in Sweden, Denmark, Canada, Netherlands, Finland, Switzerland, Australia and United States.
In conclusion, the findings of this study clarify the relationship between higher proportions of practicing nurses and higher quality of acute and life-threatening care services in OECD countries. Hence, this result alerts health policy makers about considering the deleterious effects of nursing shortage on increasing the risk of patient mortality and adverse clinical outcomes in OECD countries. Furthermore, as the role of nursing characteristics in improvement of patient outcomes in acute care services were estimated at the highest level in Sweden, Denmark, Canada, Netherlands, Finland, Switzerland, Australia and United States, the recommendations for the rest of countries are to pattern the nursing characteristics of this group of developed countries to maximize the efficiency of nursing care associated with improving patient outcomes as well as reducing the risk of complication, mortality and adverse clinical outcomes. Further researches are needed to investigate the plausible magnitude of effect of nurse-staffing level on other quality of health care indicators such as primary care, patient safety, mental health care, cancer care, etc. in cross-national level.
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